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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 
Description 

[0001] The invention relates to a device for treating growing, dilated or malformed blood vessels with a laser which 
10 emits -radiation in a wavelength range from 750 nm to 850 nm. 

2. Description of the related art 

[0002] WO 97/31582 has already disclosed the treatment of, for example, tumors and vascular malformations by 
15 administering to the patient a dye or chromophore having an absorption maximum in a wavelength range from 770 nm 
to 840 nm, and treating the diseased area of the body with light having a wavelength in the stated range. Indocyanine 
green is proposed as dye or chromophore. A diode laser is a preferred light source. 

[0003] US-5,394,199 discloses the production of angiographic images of the capillary network of the eye (chorio- 
capillaris) using indocyanine green in order to use them for precise adjustment of the therapeutic laser. 
20 [0004] "Ophthalmic Surgery", March 1 994, Vol. 25, No. 3, pages 1 95-201 discloses the selective removal of choroidal 
neovascular membranes with administration of ICG and treatment with a diode laser having an emission wavelength 
of 805 nm. 

[0005] US-5,304, 1 70 discloses the destruction of carotene-containing body tissue with a laser with an emission wave- 
length of 504 nm. It is provided for this purpose to increase the carotene content by administering carotene. 
25 [0006] US 5,071,417 discloses an apparatus for fusion of biological material using a laser. Since the progress of 
such a fusion is often difficult to observe with the naked eye, the apparatus is equipped with a reflectance monitor 
which establishes the change in the reflectance characteristics of the tissue material caused by the fusion and thus 
indicates the success of the fusion to the therapist. 

[0007] WO 91/18646 discloses a device for laser photothermotherapy. In the disclosed device, tissue which contains 
30 endogenous or exogenous chromophore is irradiated with a laser. The temperature of the treated tissue is measured, 
and the measured signal is used to control the pulse energy and the rate of repetition of the laser pulses. 
[0008] WO 93/03793 discloses a medical light treatment apparatus, in particular for acupuncture. With the apparatus, 
the light reflected by the biological tissue is detected and, on the basis of this detection, the energy of the light directed 
into the tissue is controlled. 

35 [0009] US-A-4 592 361 discloses an electro-optical device for monitoring the instantaneous singlet oxygen concen- 
tration produced during photoradiation using pulsed radiation and time domain signal processing. Singlet oxygen is 
generated as a result of optical excitation (at a wavelength of 630 nm) of a hematoporphyrin dye with a pulsed light 
source. The hematoporphyrin dye accumulates preferably in malignant tissue after intraveneous administration. Knowl- 
edge of the singlet oxygen concentration is important in cancer therapy because it is the singlet oxygen which attacks 

40 and functionally destroys the cell membranes ultimately inducing necrosis and destroying cancerous tissue. By optically 
detecting the light emission (at a wavelength of 1270 nm), which is caused by deactivation of the singlet state to the 
ground state, and time .domain signal processing the singlet oxygen concentration can be determined. US-A-4 592 
361 further discloses a control circuit for adjusting operational parameters of the pulsed light source in response to 
changes in the singlet oxygen signal output. The adjustment is effected so as to maintain the maximum signal oxygen 

45 emission level either at a stable value or above a certain minimum value. 

[0010] In summary, concerning the prior art discussed above it can be stated that most known devices are not in- 
tended and not suitable for treating blood vessels, in particular for treating small blood vessels (spider veins). The 
known devices chiefly make use of endogenous chromophores such as, for example, hemoglobin for absorbing the 
laser light. The problem which therefore arises on treatment of blood vessels is that vessels which are too small contain 

50 too little hemoglobin whereas blood vessels which are too large cannot, because of the poor absorption properties of 
hemoglobin and the increased heat convection, be heated sufficiently and thus in both cases a sufficient thermal effect 
with subsequent coagulation of the vessel is not achieved. 

SUMMARY OF THE INVENTION 

55 

[001 1] The invention is by contrast based on the object of providing a device for treating growing, dilated or malformed 
blood vessels with a laser, which is distinguished in that the blood vessels are effectively coagulated and adverse 
effects on the surrounding tissue are minimal. 



2 



EP 1 101 450 B1 

[0012] These objects are achieved according to the invention with a device and a method for treating growing, dilated 
or malformed blood vessels with a laser which emits radiation in a wavelength range from 750 nm to 850 nm and which 
has a measuring unit which measures the concentration of an exogenous chromophore which absorbs the laser beam 
in a blood vessel to be treated, and which also has a control unit which controls the power of the laser in a contrary 

5 sense to the measured concentration. The measurement according to the invention of the concentration of an exog- 
enous chromophore, i.e. chromophone which has been administered to the patient, and the corresponding control of 
the laser power makes it possible to meter the laser power optimally. As long as the concentration of the exogenous 
chromophore in the blood vessel to be treated is high, a lower laser power is sufficient. If over the course of time, as 
a consequence of the breakdown or excretion of the exogenous chromophore from the blood circulation, the concen- 

10 tration thereof falls, in the device according to the invention the power of the laser is controlled in the contrary sense, 
i.e. increased. It may be pointed out in this connection that power means the energy per unit time (with watt as unit of 
measurement) introduced into the vessel by the treatment. 

[0013] The concentration of the exogenous chromophore in the blood vessel can be measured in a variety of ways, 
for example also by taking a blood sample. However, a particularly advantageous measuring unit is designed as a 
15 reflection measuring unit because this operates non-invasively and is accordingly associated with less stress for the 
patient. A certain fraction of the laser light which impinges on the surface of the skin is, owing to the different refractive 
indices of air and skin, reflected (reflection coefficient R). 
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Pi is P 0 -K p o = p o( 1 - R ) 

where P n is the reflected and P 0 is the originally emitted power. The fraction P 2 of the original power P 0 which 
arrives, after passing through the epidermis and part of the dermis, at the blood vessel emerges from the following 
formula: 

P 2 = P 1 exp(-a Mel (>i)z) - P n R H = P 1 [exp(-a Mel (X)z) - R H ] 
P 2 = P 0 (1-R)[exp(-a Mel (X)z) - R H )]. 

[0014] In this, the factor a H (^)z describes the attenuation of the laser light in the direction of propagation z from the 
surface of the skin until the particular blood vessel is reached. The factor a Mel (X)z depends on the melanin content of 
the particular section of skin. The absorption, mediated by the chromophore concentration, of the laser light of power 
P is thus 

P = P 2 (1-T) 

P = P 0 (1-R)[exp(-a Mel (X)z) - R H ][1-exp(-a Ch ((X,t)z)] 



[0015] The attenuation of the laser light by the reflection R, the internal reflection RH and by the factor exp(-a Me , (X) 
z) does not, in contrast to the chromophore concentration a^M), vary with time. It is possible by measuring the 
reflected proportion of the incident light to determine, by the above calculation, the changing chromophore concentra- 
tion in the blood vessel (ac h ((X,t)). The control unit controls, on the basis of the measured chromophore concentration, 
45 the power of the laser in the contrary sense to the measured concentration, i.e. the power of the laser is set at a 
comparatively low level when the concentration is high, whereas a comparatively high laser power is applied when the 
concentration is relatively low. 

[0016] Another advantageous embodiment of the invention provides for the control unit, in order to measure the 
concentration of the chromophore, to cause a pilot light pulse to be emitted, the power of which is so small that it causes 

so no permanent changes in the blood vessel or the tissue surrounding the latter. There is merely determination of the 
chromophore concentration on the basis of the pilot light pulse, so that this concentration can be set appropriately 
beforehand, i.e before starting the treatment. The control unit can moreover be programed so that such a pilot light 
pulse can be emitted at regular intervals or, for example, before emitting each therapeutic pulse, in order to detect 
changes in the chromophore concentration in good time. 

55 [0017] A computer unit then determines the chromophore concentration from a power of the pilot light pulse and the 
reflected light power, measured by the measuring unit, using the formula indicated above. 

[0018] It may also be provided in one embodiment for the measuring unit to use its own measuring light source. The 
light from the measuring light source can be directed onto the therapy area, but with this embodiment there is also the 
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possibility of directing the light from the measuring light source onto another body area on which the chromophore 
concentration in the patient's blood can easily be measured. 

[0019] It has proven advantageous in the control of the laser power for the latter to be controlled in inverse proportion 
to the chromophore concentration found. The product of the applied laser powerand measured concentration therefore 

5 remains essentially constant during the treatment. The laser beam is preferably emitted in the form of pulses, preferably 
in the form of rectangular pulses with a duration not exceeding 10 ms, preferably with a duration of from 1 to 5 ms. 
The use of such short light pulses in conjunction with a relatively high power ensures that the therapeutic light can 
penetrate into the vessel and pass through the vessel, and the coagulation process induced by the heat is restricted 
to the vessel. In some applications, however, it has also proven advantageous to control the laser so that the pulses 

10 can be executed not as single pulses but as double pulses with a pause of less than 5 ms. A pause of less than 5 ms 
is below the thermal relaxation time so that the therapeutic effect of the second pulse is also still ensured. On the other 
hand, however, the pause allows interim cooling of the surrounding tissue, especially of the tissue located in front of 
the blood vessel, so that this mode of operating the laser has proven to be harmless to tissue. 
[0020] In another advantageous embodiment of the invention, the control unit is designed so that the pulse length 

15 is controlled in a contrary sense to the power. This is because it has proven advantageous for vessel treatment if the 
pulse length is increased, for example if the powerof the laser beam is reduced because of a high chromophore content, 
so that the total energy of a light pulse introduced into the vessel is kept approximately constant. 
[0021] The laser advantageously used is a diode laser with a power of from 100 to 800 watts and an emission 
wavelength of 805 nm. 

20 [0022] In order to guide the laser light with great accuracy onto the patient's vessels to be treated, an advantageous 
embodiment provides for the laser to be connected via a light guide to a handpiece. The handpiece can have a trans- 
parent contact area for contact with the patient's skin. It is also possible to provide in the handpiece, similar to a 
dermatoscope, an illumination unit and a magnifier, and a scale for measuring the vessels to be treated. The laser 
beam is guided into the dermatoscope-like handpiece by a spectrally selective mirror, preferably a dichroic mirror, it 

25 being possible for the therapist to observe the therapy area through the mirror from behind it. The therapist is able by 
means of an aiming mark, which is preferably attached on the transparent contact area, in the handpiece, to direct the 
laser beam specifically onto the vessel to be treated. The therapist is able to establish the size of the vessel by a scale 
in the handpiece. 

[0023] An advantageous embodiment of the invention provides in the handpiece an adjustable aperture with which 
30 the diameter of the laser beam can be limited so that only the vessel is irradiated and irradiation of tissue beyond the 
margins of the vessel is avoided. 

[0024] A particularly advantageous embodiment provides for the control unit to block emission of laser light by the 
laser when the chromophore concentration found by the measuring unit is below a preset lower threshold. Below a 
particular lower threshold of chromophore concentration it would be necessary for the power of the laser to be high to 

35 compensate for this low concentration, which would not be optimal for the therapy. The blocking of the device therefore 
avoids such inappropriate treatment in the region where the chromophore concentrations are too low. 
[0025] Surprisingly, it has also emerged that a treatment may be insufficient if the chromophore concentrations are 
too high. A further advantageous embodiment of the invention therefore provides for the control unit to block emission 
of light pulses by the laser when the chromophore concentration found by the measuring unit is above a preset upper 

40 threshold. This is because it has been found that when the chromophore concentrations are too high the therapeutic 
laser light is absorbed so strongly that it is unable to penetrate sufficiently through the vessel to be treated. On the 
contrary, the laser light is absorbed exclusively on the margin of the vessel so that the coagulation does not extend 
over the complete vessel cross section, and the vessel thus cannot be sclerosed as desired. 

[0026] A further advantageous embodiment of the invention provides an intensity sensor, which is preferably accom- 
45 modated in the handpiece. The intensity sensor is able to measure the light reflected at the treatment site in order to 
determine the exogenous chromophore concentration. However, it is also possible, instead of accommodating the 
intensity sensor in the handpiece, to arrange an outcoupling mirror in the laser light path to pass reflected light to the 
intensity sensor. In this case, the intensity sensor can advantageously be arranged near the laser. 
[0027] An advantageous embodiment is also one in which the handpiece is connected to a video camera. The therapy 
so area can be displayed by the video camera on a monitor, in which case a false color display of the chromophore 
concentration facilitates the finding by the therapist of the blood vessels to be treated. In a further advantageous em- 
bodiment of the invention, the handpiece is provided with a cooling unit, preferably a Peltier element. This can remove 
the heat which is released during the treatment and frequently felt to be unpleasant by the patient. 
[0028] Other features, characteristics and advantages of the present invention will become apparent from the fol- 
55 lowing description of the invention, which refers to the accompanying drawings: 



4 



EP 1 101 450 B1 



BRIEF DESCRIPTION OF THE DRAWINGS: 
[0029] 

Fig. 1 a device for treating blood vessels according to the invention; 

Fig. 2 the handpiece used with the device shown in Fig. 1, depicted in section on an enlarged scale; 
Fig. 3 the handpiece shown in Fig. 2 viewed from below; 

Fig. 4 the central unit used with the device shown in Fig. 1, with laser, control and measuring unit; 
Fig. 5 one embodiment of the central unit; 
Fig. 6 one embodiment of the handpiece; and 

Fig. 7 a central unit to be used in connection with the handpiece shown in Fig. 6. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] The principal parts of the laser treatment device according to the invention are evident in Fig. 1. These are 
the dermatoscope-like handpiece 11 with handle 15 which is connected via a light guide 10 to a central unit 14. A 
trigger switch 1 6 is present on the handle 1 5 and can be used by the therapist to activate the laser. As will be explained 
in detail hereinafter, the central unit 14 contains the laser, the control unit belonging thereto and the measuring unit 
provided for measuring the exogenous chromophore concentration. A video camera 12 is coupled to the handpiece 
11 and is connected to a monitor 13. 

[0031] As is evident from Fig. 2, the handpiece has a cylindrical housing 21 with a magnifying lens 26. Inside the 
housing 21 there is an incandescent lamp 22 whose current supply wires (not depicted) pass through the handle 15 
to the central unit 14. The cylindrical housing 21 is terminated at its end opposite the magnifier 26 by a flat glass plate. 
A light guide 10 projects into the housing through a lateral opening in the housing 21 and passes through the handle 
1 5 which has already been mentioned. A dichroic mirror 23 is arranged opposite the light guide, which projects slightly 
into the housing 21 , and is inclined so that the laser beam emerging from the light guide 1 0 is directed perpendicularly 
onto the glass plate 20. The housing 21 is encircled in the region of the glass plate 20 by a Peltier element 25 which 
cools the glass plate. The diameter of the laser beam can be limited as required by an adjustable aperture 24 which 
is arranged opposite the end of the light guide 10. 

[0032] The depiction of the handpiece as shown in Fig. 2 omits the video camera shown in Fig. 1 . The therapist is 
therefore able to look through the magnifier 26, through the dichroic mirror 23 and the glass plate 20 onto the therapy 
field which is illuminated by the lamp 22. The dichroic mirror is adjusted for this purpose so that it reflects only the laser 
light (805 nm), whereas it transmits the remaining spectral region, in particular the visible spectral region, and thus 
does not interfere with observation of the therapy area. 

[0033] As is evident from the depiction of the handpiece from underneath shown in Fig. 3, the glass plate 20 is 
provided with an aiming mark 30 which can be used for precise aiming at the vessel to be treated before the laser 
pulse is triggered. 

[0034] Fig. 4 shows a schematic circuit diagram of the central unit 14. The central unit comprises a diode laser 40 
(wavelength 805 nm) which is controlled by a control unit 44. A light intensity sensor 42 is also provided, and its output 
signal is passed to a computer 43. The output of the computer 43 is connected to the input of the control system 44. 
The light emerging from the laser 40 passes through an inclined mirror 41 and is fed into the light guide 10, through 
which it is passed to the handpiece. 

[0035] Light reflected from the therapy area passes from the handpiece 11 (Fig. 2) in the light guide 10 back to the 
central unit 14. Part of the light is reflected there at the inclined mirror 41 and reaches the intensity sensor which 
provides an electrical signal which corresponds to the power of the reflected signal. 
[0036] The device described in this way operates as follows: 

[0037] For example for removing visible veins on the leg (so-called spider veins), a patient receives intravenous 
administration of indocyanine green (as chromophore) in a dose of 1-10 mg per kg of body weight. Before the admin- 
istration, a laser pulse of low power is emitted onto the skin area to be treated in order to determine in a type of blank 
test the reflection properties of the skin area (Mel, RH). This is done by switching the control system via an operating 
panel 45 to the "calibration" operating state. The corresponding values are stored in the computer 43. As soon as the 
indocyanine green (ICG) is uniformly distributed in the vascular system, the control system is switched via the operating 
panel 45 to the "therapy" operating state, and a laser pulse of low energy is again emitted, and the therapist before 
activating the trigger switch 16 adjusts the handpiece using the aiming device 30 so that the laser beam impinges on 
a vessel to be treated. The reflection which occurs is determined again via the outcoupling mirror 41 and the intensity 
sensor 42, and the computer 43 calculates the concentration of the indocyanine green from the comparison with the 
previously described blank test. The computer 43 also calculates the laser power appropriate for the concentration 
and transmits the value to the control unit 44. Immediately thereafter, a laser pulse lasting about 2 ms with an appropriate 
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energy in the range from 100 to 800 watts (depending on the measured concentration) is emitted. The light power is 
such that the light is absorbed predominantly in the blood vessel to be sclerosed and is converted into heat there, so 
that the blood coagulates and the vessel is destroyed at the irradiated point. If the ICG concentration in the patient's 
blood becomes too high or if it is too low, this is detected by the computer and indicated by a warning light (not depicted). 
At the same time, emission of the pulse is blocked so as to ensure that the treatment takes place only in the correct 
ICG concentration range. 

[0038] Fig. 5 shows one embodiment of the central unit. The central unit shown in the embodiment of Fig. 1 has, in 
addition to a separate laser 40 for therapy and the control system 44 belonging thereto, another laser 50 which is 
provided only for determining the ICG concentration. The laser light is fed into an additional light guide 51, and the 
proportion of the light reflected in the therapy area is passed back through the light guide 51 to the central unit where 
it is passed via the outcoupling mirror 41 to the sensor 42. The signal from the intensity sensor 42 is in turn passed to 
the computer 43 which in a manner analogous to that described above calculates the laser power and optionally also 
the pulse duration and transmits appropriate signals to the control system 44. The central unit shown in Fig. 5 allows 
measuring the ICG concentration in the blood vessels continuously at any site on the body, without emitting test light 
pulses. 

[0039] Fig. 6 shows another embodiment of the treatment device. The handpiece shown in Fig. 6 has exactly the 
same design as the handpiece described by means of Fig. 2, so that it is unnecessary to repeat these parts. However, 
the handpiece shown in Fig. 6 additionally comprises a sensor 42 which is equipped with an optical lens 43. The sensor 
and the optical lens are positioned so that an image of the blood vessel treated by the laser beam is formed on the 
light-sensitive surface of the sensor 42, and the sensor 42 is thus able to measure the reflected proportion of the light. 
The light power measured by the sensor 42 is transmitted via an electrical lead (not shown) to the central unit 14 (see 
Fig. 7). There it is processed in the computer 43 in the manner already described by means of Figs. 1 to 5, and is 
transmitted to the control unit 44 which causes the laser 40 to trigger appropriate light pulses for the laser therapy if 
the trigger switch 16 is actuated. 



Claims 

1. A device for treating growing, dilated or malformed blood vessels comprising a laser emitting a laser beam in a 
wavelength range from 750 nm to 850 nm and a specific power, the device being characterised by a measuring 
unit measuring the concentration of an exogenous chromophore which absorbs the laser beam in the blood vessel 
to be treated, and a control unit controlling the power of the laser beam in a contrary sense to the measured 
concentration. 

2. The device as claimed in claim 1 , wherein the measuring unit is a reflection measuring unit. 

3. The device as claimed in claim 1 , wherein, for measuring the concentration of the chromophore, the control unit 
causes the laser to emit a pilot laser pulse having a power which is so small that it causes no permanent changes 
in the blood vessel or the tissue surrounding the latter. 

4. The device as claimed in claim 3, wherein the measuring unit comprises a computing unit which determines the 
chromophore concentration from the power of the pilot laser pulse and a reflected fraction thereof. 

5. The device as claimed in claim 1 , wherein the measuring unit has its own measuring light source. 

6. The device as claimed in claim 1 , wherein the control unit controls the power of the laser beam in inverse proportion 
to the chromophore concentration found. 

7. The device as claimed in claim 1 , wherein the laser generates the laser beam in the form of pulses. 

8. The device as claimed in claim 7, wherein the pulses have a substantially rectangular shape. 

9. The device as claimed in claim 7, wherein the pulses have a duration of less than 1 0 ms, preferably from 1 to 5 ms. 

10. The device as claimed in claim 7, wherein the pulses can be executed singly. 

11. The device as claimed in claim 7, wherein the pulses can be executed as double pulses with a pause of less than 
5 ms. 
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12. The device as claimed in claim 7, wherein the control unit controls the pulse length in a contrary sense to the power. 

13. The device as claimed in claim 1, wherein the laser is a diode laser. 

5 14. The device as claimed in claim 1 , wherein the laser has a power of from 100 to 800 W. 

15. The device as claimed in claim 1, wherein the laser emits light with a wavelength of 805 nm. 

16. The device as claimed in claim 1 , wherein the laser is connected via a light guide to a handpiece. 

10 

17. The device as claimed in claim 16, wherein the handpiece has a transparent contact area for contact with a patient's 
skin. 

18. The device as claimed in claim 16, wherein the handpiece has a housing with an illumination unit. 

15 

19. The device as claimed in claim 16, wherein the handpiece has a magnifier and a scale for measuring the vessels 
to be treated. 

20. The device as claimed in claim 16, wherein the handpiece has a spectrally selective mirror for feeding in the laser 
20 beam. 

21. The device as claimed in claim 20, wherein the mirror is a dichroic mirror. 

22. The device as claimed in claim 16, wherein the handpiece has an aiming mark. 

25 

23. The device as claimed in claim 16, wherein the handpiece has an adjustable aperture for limiting the diameter of 
the laser beam. 

24. The device as claimed in claim 1 , wherein the control unit blocks emission of laser light by the laser when the 
30 chromophore concentration found by the measuring unit is below a preset lower threshold. 

25. The device as claimed in claim 1, wherein the control unit blocks emission of light pulses by the laser when the 
chromophore concentration found by the measuring unit is above a preset upper threshold. 

35 26. The device as claimed in claim 1 , comprising an intensity sensor to which part of a light reflected by the patient's 
blood vessel is passed. 

27. The device as claimed in claim 26, wherein the intensity sensor is arranged in the handpiece. 

40 28. The device as claimed in claim 26, comprising an outcoupling mirror which passes reflected light to the intensity 
sensor. 

29. The device as claimed in claim 16, wherein the handpiece is connected to a video camera. 
45 30. The device as claimed in claim 16, wherein the handpiece has a cooling unit. 

31. The device as claimed in claim 29, wherein the video camera is coupled to a monitor. 

32. The device as claimed in claim 31 , wherein the monitor provides a false color display of the chromophore concen- 
50 tration. 

Patentanspruche 

55 1 . Gerat zum Behandeln von sich vergroBernden, erweiterten oder miHgebildeten BlutgefaRen, das einen Laser auf- 
weist, welcher einen Laserstrahl in einem Wellenlangenbereich von 750 nm bis 850 nm und einer spezifischen 
Leistung emittiert, dadurch gekennzeichnet, dass das Gerat folgendes aufweist: eine Mefleinheit, die die Kon- 
zentration eines die Laserstrahlung absorbierenden exogenen Chromophors in dem zu behandelnden Blutgefafi 
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ermittelt, und eine Steuereinheit, die die Leistung des Laserstrahls gegenlaufig zu der ermittelten Konzentration 
steuert. 

2. Gerat nach Anspruch 1 , bei dem die Mefceinheit eine Reflexions-Mefceinheit ist. 

3. Gerat nach Anspruch 1 , bei dem die Steuereinheit zur Messung der Konzentration des Chromophors bewirkt, dass 
der Laser einen Pilotlaserimplus mit einer Leistung emittiert, die so klein ist, dass sie keine bleibenden Anderungen 
in dem Blutgefafl oder dem dieses umgebende Gewebe hervorruft. 

4. Gerat nach Anspruch 3, bei dem die Mefteinheit eine Berechnungseinheit aufweist, welche die Chromophorkon- 
zentration aus der Starke des Pilotlaserimpulses und einem Reflexionsanteil desselben ermittelt. 

5. Gerat nach Anspruch 1, bei dem die Mefceinheit ihre eigene Mefclichtquelle hat. 

6. Gerat nach Anspruch 1, bei dem die Steuereinheit die Starke des Laserstrahls umgekehrt proportional zu der 
gefundenen Chromophorkonzentration steuert. 

7. Gerat nach Anspruch 1, bei dem der Laser den Laserstrahl in Form von Impulsen erzeugt. 

8. Gerat nach Anspruch 7, bei dem die Impulse eine im wesentlichen rechteckige Form aufweisen. 

9. Gerat nach Anspruch 7, bei dem die Impulse eine Dauer von weniger als 10 ms, vorzugsweise von 1 bis 5 ms, 
aufweisen. 

10. Gerat nach Anspruch 7, bei dem die Impulse einzeln ausgefiihrt werden konnen. 

11. Gerat nach Anspruch 7, bei dem die Impulse als Doppelimpulse mit einer Pause von weniger als 5 ms ausgefuhrt 
werden konnen. 

12. Gerat nach Anspruch 7, bei dem die Steuereinheit die Impulslange entgegengesetzt zu der Starke steuert. 

13. Gerat nach Anspruch 1, bei dem der Laser ein Diodenlaser ist. 

14. Gerat nach Anspruch 1, bei dem der Laser eine Leistung von 100 bis 800 W hat. 

15. Gerat nach Anspruch 1, bei dem der Laser Licht mit einer Wellenlange von 805 nm emittiert. 

16. Gerat nach Anspruch 1, bei dem der Laser uber einen Lichtleiter mit einem Handstuck verbunden ist. 

17. Gerat nach Anspruch 16, bei dem das Handstuck eine transparente Kontaktflache fur den Kontakt mit der Haut 
eines Patienten aufweist. 

18. Gerat nach Anspruch 16, bei dem das Handstuck ein Gehause mit einer Beleuchtungseinheit hat. 

19. Gerat nach Anspruch 16, bei dem das Handstuck eine Vergrofierungseinrichtung und eine Skala zum Messen der 
zu behandelnden Gefafce hat. 

20. Gerat nach Anspruch 16, bei dem das Handstuck einen spektral selektiven Spiegel zum Einspeisen des Laser- 
strahls aufweist. 

21. Gerat nach Anspruch 20, bei dem der Spiegel ein dichroitischer Spiegel ist. 

22. Gerat nach Anspruch 16, bei dem das Handstuck eine Zielmarkierung aufweist. 

23. Gerat nach Anspruch 1 6, bei dem das Handstuck eine Blende zur Begrenzung des Durchmessers des Laserstrahls 
aufweist. 

24. Gerat nach Anspruch 1 , bei dem die Steuereinheit eine Emission des Laserlichtes durch den Laser blockiert, wenn 
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die von der Mefceinheit gefundene Chromophorkonzentration unter einem voreingestellten unteren Schwellenwert 
liegt 

25. Gerat nach Anspruch 1 , bei dem die Steuereinheit die Emission von Lichtimpulsen durch den Laser blockiert, wenn 
5 die von der Mefteinheit gefundene Chromophorkonzentration uber einem voreingestellten Schwellenwert liegt. 

26. Gerat nach Anspruch 1, das einen Intensitatssensor aufweist, zu welchem ein Teil des Lichtes, das von dem 
Blutgefafi des Patienten reflektiert wird, geleitet wird. 

10 27. Gerat nach Anspruch 26, bei dem der Intensitatssensor in dem Handstuck angeordnet ist. 

28. Gerat nach Anspruch 26, das einen Auskopplungsspiegel aufweist, der reflektiertes Licht zu dem Intensitatssensor 
leitet. 

15 29. Gerat nach Anspruch 16, bei dem das Handstuck mit einer Videokamera verbunden ist. 

30. Gerat nach Anspruch 16, bei dem das Handstuck eine Kuhleinheit aufweist. 

31. Gerat nach Anspruch 29, bei dem die Videokamera mit einem Monitor verbunden ist. 

32. Gerat nach Anspruch 31, bei dem der Monitor eine Falschfarbenanzeige der Chromphorkonzentration liefert. 



20 



25 



40 



45 



Revendications 



1 . Dispositif pour le traitement des vaisseaux sanguins souffrant de croissance, dilatation ou malformation, compor- 
tant un laser emettant un rayon laser dans une plage de longueurs d'ondes de 750 nm a 850 nm et une puissance 
specifique, le dispositif etant caracterise par une unite de mesure mesurant la concentration d'un chromophore 
exogene qui absorbe le rayon laser dans le vaisseau sanguin a traiter, et une unite de commande qui commande 

30 la puissance du rayon laser dans le sens contraire a la concentration mesuree. 

2. Dispositif selon la revendication 1, dans lequel I'unite de mesure est une unite de mesure par reflexion. 

3. Dispositif selon la revendication 1, dans lequel, pour mesurer la concentration du chromophore, I'unite de com- 
35 mande fait emettre par le laser une impulsion laser pilote ayant une puissance qui est si faible qu'elle ne cause 

pas de changements permanents dans le vaisseau sanguin ou le tissu entourant ce dernier. 

4. Dispositif selon la revendication 3, dans lequel I'unite de mesure comporte une unite de calcul qui determine la 
concentration de chromophore d'apres la puissance de I'impulsion laser pilote et une fraction reflechie de celle-ci. 



5. Dispositif selon la revendication 1 , dans lequel I'unite de mesure a sa propre source de lumiere de mesure. 

6. Dispositif selon la revendication 1 , dans lequel I'unite de commande commande la puissance du rayon laser de 
maniere inversement proportionnelle a la concentration de chromophore trouvee. 

7. Dispositif selon la revendication 1 , dans lequel le laser genere le rayon laser sous forme d'impulsions. 

8. Dispositif selon la revendication 7, dans lequel les impulsions ont une forme sensiblement rectangulaire. 

50 9. Dispositif selon la revendication 7, dans lequel les impulsions ont une duree inferieure a 1 0 ms, de preference de 
1 a 5 ms. 

10. Dispositif selon la revendication 7, dans lequel les impulsions peuvent etre executees une a la fois. 

55 11. Dispositif selon la revendication 7, dans lequel les impulsions peuvent etre executees sous forme d'impulsions 
doubles avec une pause de moins de 5 ms. 

12. Dispositif selon la revendication 7, dans lequel I'unite de commande commande la longueur d'impulsion dans le 
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sens inverse de la puissance. 

13. Dispositif selon la revendication 1, dans lequel le laser est un laser a diode. 

14. Dispositif selon la revendication 1, dans lequel le laser a une puissance de 100 a 800 W. 

15. Dispositif selon la revendication 1, dans lequel le laser emet une lumiere ayant une longueur d'onde de 805 nm. 

16. Dispositif selon la revendication 1, dans lequel le laser est connecte a un bloc manuel via un guide de lumiere. 

17. Dispositif selon la revendication 16, dans lequel le bloc manuel a une zone de contact tran spare nte pour le contact 
avec la peau d'un patient. 

18. Dispositif selon la revendication 16, dans lequel le bloc manuel a un boitier muni d'une unite d'eclairage. 

19. Dispositif selon la revendication 16, dans lequel le bloc manuel a une loupe et une echelle pour mesurer les 
vaisseaux a traiter. 

20. Dispositif selon la revendication 16, dans lequel le bloc manuel a un miroir de selection spectrale pour I'introduction 
du rayon laser. 

21. Dispositif selon la revendication 20, dans lequel le miroir est un miroir dichroTque. 

22. Dispositif selon la revendication 16, dans lequel le bloc manuel a un repere de visee. 

23. Dispositif selon la revendication 16, dans lequel le bloc manuel a une ouverture reglable pour limiter le diametre 
du rayon laser. 

24. Dispositif selon la revendication 1 , dans lequel I'unite de commande bloque remission de lumiere laser par le laser 
lorsque la concentration de chromophore trouvee par I'unite de mesure est en dessous d'un seuil inferieur prede- 
termine. 

25. Dispositif selon la revendication 1, dans lequel I'unite de commande bloque remission d'impulsions de lumiere par 
le laser lorsque la concentration de chromophore trouvee par I'unite de mesure est au-dessus d'un seuil superieur 
predetermine. 

26. Dispositif selon la revendication 1 , comprenant un capteur d'intensite sur lequel passe une partie d'une lumiere 
reflechie par le vaisseau sanguin du patient. 

27. Dispositif selon la revendication 26, dans lequel le capteur d'intensite est dispose dans le bloc manuel. 

28. Dispositif selon la revendication 26, comportant un miroir de decouplage qui fait passer la lumiere reflechie sur le 
capteur d'intensite. 

29. Dispositif selon la revendication 16, dans lequel le bloc manuel est connecte a une camera video. 

30. Dispositif selon la revendication 16, dans lequel le bloc manuel a une unite de refroidissement. 

31. Dispositif selon la revendication 29, dans lequel la camera video est couplee a un moniteur. 

32. Dispositif selon la revendication 31, dans lequel le moniteur fournit un affichage en fausses couleurs de la con- 
centration de chromophore. 
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